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Two-body non-leptonic charmed decays B(s) → D(s)P , D∗(s)P , D(s)V and D∗(s)V are
analyzed in perturbative QCD approach, where P and V denote the light pseudoscalar
meson and vector meson, respectively. We test the D meson wave function by a χ2 fit with
experimental data of six B → DP channels. We give the branching ratios of all the charmed
B decay channels, most of which agree with experiments amazingly well. The predicted Bs
decays can be confronted with the future experimental data. By straightforward calculations,
our pQCD approach gives the right relative strong phase of a2/a1 with experiments. We
also predict the percentage of transverse polarizations in B(s) → D∗V decay channels.
I. INTRODUCTION
B physics experiments provide a good test of the standard model and severe constraints of
new physics parameters. Recent years more and more efforts have been made to the study of B
meson decays both experimentally and theoretically. In the near future, there will be more and
more data in B physics thanks to the run of B factories, Tevatron and LHCb. Theoretically, a
great improvement has been made to the study of exclusive decays of B mesons. In the history,
naive factorization [1] is a successful method to explain many decay branching ratios [2], but it
failed to explain color-suppressed processes such as B¯0 → D0π0 [3]. Currently, perturbative QCD
factorization approach (pQCD) [4] is one of the popular methods to deal with the two-body non-
leptonic decays of B mesons. It explains the experiments successfully, especially for the direct CP
asymmetries [5] when the final states are two light mesons, which inspires people to see how far it
will go.
Charmed decays of B (Bs) mesons are more complicated than the decays with only light mesons
as final states. The B → D transitions involve three scales: MB , MD, Λ¯, respectively. The
factorization was proved in soft-collinear effective theory [6] with less predictions than pQCD
approach, since they need more inputs than pQCD approach. In B → light transition, the light
spectator quark in B meson is soft, while it is collinear in the final state meson, so that a hard gluon
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FIG. 1: color allowed diagrams in pQCD approach for B → DP decays
is needed to connect it to the four quark operator shown in Figure 1. The momentum square of the
hard gluon connecting the spectator quark in B → D transition is only a factor of (1 −m2D/m2B)
than the B → light transition, which shows pQCD should also work well in B → D transitions.
The hierarchy: MB >> MD >> Λ¯ is used in pQCD framework [7]. Some separate calculations on
B → D decays in pQCD approach are carried on [8, 9] in the leading order of MD/MB and Λ/MB
expansions. It’s found that the pQCD do work well since the D meson recoils fast.
In this paper, we calculate all the processes of a B(s) meson decays to a D
(∗)
(s) meson and a light
pseudoscalar meson or vector meson. Only tree diagrams contribute to these processes involving
only one kind of CKM matrix elements. So there’s no direct CP asymmetry in these decays. The
light cone distribution amplitudes (LCDA) of mesons are necessary inputs in the pQCD framework.
The light mesons’ distribution amplitudes (DAs) have been well studied and calculated by QCD
sum rules. But there are little studies on heavy mesons’ DAs, especially for D meson. In this
paper we collect several candidate distribution amplitude models for D meson, then we fit out the
parameters using the experimental results and make a comparison among them.
The paper is organized as follows: Section II contains the conventions and notations that we
adopt, together with all the wave functions used in this paper. The pQCD analytic formulae for
the amplitudes are given in section III. Section IV contain the numerical results and discussions.
Section V is our summary.
II. ANALYTIC FORMULAE
For the charmed B decays we considered, only the tree operators of the standard effective weak
Hamiltonian contribute. The Hamiltonian is given by:
Heff = GF√
2
VcbV
∗
uq′ [C1(µ)O1(µ) + C2(µ)O2(µ)] . (1)
3The tree operators are
O1 = (c¯αbβ)V−A(q¯′βuα)V−A , O2 = (c¯αbα)V−A(q¯′βuβ)V−A , (2)
with q′ = d, s. α β are the color indexes, and (q¯1q2)V −A ≡ q¯1γµ(1 − γ5)q2. The Vq1q2 in the
Hamiltonian denote the CKM matrix elements.
In the factorization formulae, the combinations of Wilson coefficients usually appear. In this
paper, they are defined as follows:
a1 = C2 + C1/3 , a2 = C1 + C2/3 . (3)
In this paper, all the momentum are defined with the light cone coordinate. Two light-like
vectors n and v are defined, with n2 = 0, v2 = 0 and n · v = 1. n can be written as (1, 0,0T ), and
v is (0, 1,0T ). The momentum of B meson, D meson and the lightest meson are denoted as P1, P2
and P3 respectively. At the rest frame of B meson, the light meson moves very fast. So P
+
3 or P
−
3
can be treated as zero. In this paper, the momentum are defined as:
P1 =
MB√
2
(1, 1,0T ) , P2 =
MB√
2
(1, r2,0T ) , P3 =
MB√
2
(0, 1 − r2,0T ) . (4)
The momentum of the light anti-quark in the B meson and D meson are denoted as k1 and k2
respectively, while k3 is defined as the quark momentum of lightest meson. In our calculation they
are taken as:
k2 = (x2
MB√
2
, 0,k2⊥) , k3 = (0, x3
(1− r2)MB√
2
,k3⊥) ,
k1 = (x1
MB√
2
, 0,k1⊥) for color suppressed contributions,
k1 = (0, x1
MB√
2
,k1⊥) for the others. (5)
with x1, x2 and x3 as the momentum fraction, and k1⊥, k2⊥ and k3⊥ as the transverse momentum
of the quark.
A. Wave functions of B(s) mesons
In pQCD calculation, the light-cone wave functions of the mesons are needed. The B meson
and Bs meson have the similar structure of wave function, except different values of parameters
characterizing a small SU(3) breaking effect. In general, the B(s) meson wave function are always
4decomposed into the following Lorentz structures:
∫
d4z
(2π)4
eik1·z〈0|b¯α(0)dβ(z)|B(s)(P1)〉
=
i√
2Nc
{
(6 P1 +MB(s))γ5[φB(s)(k1)−
6 n− 6 v√
2
φ¯B(s)(k1)]
}
βα
. (6)
There are two distribution amplitudes in the above equation. However, φ¯B(s)(k1) gives smaller
contribution [10]. We will neglect it in our calculation and only keep the first Lorentz structure.
ΦB(s) =
i√
2Nc
(6 P1 +MB(s))γ5φB(s)(k1). (7)
The distribution amplitude in the b-space is:
φB(s)(x, b) = NB(s)x
2(1− x)2 exp
[
−1
2
(
xMB(s)
ωb
)2 − ω
2
b b
2
2
]
, (8)
with b as the conjugate space coordinate of k1⊥. NB(s) is the normalization constant, which is
determined by the normalization condition:
∫ 1
0
dxφB(s)(x, b = 0) =
fB(s)
2
√
2Nc
. (9)
For parameter ωb, we take the value 0.40 GeV for B
0
d and B
± mesons, and 0.50± 0.05 GeV for B0s
meson, characterizing the small SU(3) breaking effect as argued in [11].
B. Wave functions of light pseudoscalar mesons
The decay constant of the pseudoscalar mesons is defined by:
〈0|q¯1γµγ5q2|P (P3)〉 = ifPPµ. (10)
The decay constant for π and K are fπ = 131 MeV, fK = 160 MeV.
The light cone distribution amplitudes (for out-going state) for light pseudoscalar mesons is:
〈P (P3)|q¯2β(z)q1α(0)|0〉 (11)
= − i√
2NC
∫ 1
0
dxeixP ·z
[
γ5 6 P3φA(x) + γ5m0φP (x) +m0γ5(6 v 6 n− 1)φT (x)
]
αβ
,
where v is the light cone direction that the light pseudoscalar meson’s momentum is defined on.
The chiral scale parameter m0 is defined as m0 =
M2
P
mq1+mq2
.
5The distribution amplitudes are usually expanded by the Gegenbauer polynomials. Their ex-
pressions are:
φAP (x) =
3fP√
2Nc
x(1− x)
[
1 + aA1 C
3/2
1 (t) + a
A
2 C
3/2
2 (t) + a
A
4 C
3/2
4 (t)
]
, (12)
φpP (x) =
fP
2
√
2Nc
[
1 + ap2C
1/2
2 (t) + a
p
4C
1/2
4 (t)
]
, (13)
φTP (x) = −
fP
2
√
2Nc
[
C
1/2
1 (t) + a
T
3 C
1/2
3 (t)
]
, (14)
with t=2x-1. The coefficients of the Gegenbauer polynomials are [26]
aA2π = 0.44 , a
A
4π = 0.25 , a
A
1K = 0.17 , a
A
2K = 0.2 ,
ap2π = 0.43 , a
p
4π = 0.09 , a
p
2K = 0.24 , a
p
4K = −0.11 ,
aT3π = 0.55 , a
T
3K = 0.35 . (15)
For η and η′, the mixing mechanism must be taken into consideration. We will take the method
presented in ref. [12], where the ηn and ηs are chosen as the basis of mixing:
 |η〉
|η′〉

 = U(φ)

 |ηn〉
|ηs〉

 , (16)
with
|ηn〉 = 1√
2
(u¯u+ d¯d) , |ηs〉 = s¯s , (17)
U(φ) =

 cosφ − sinφ
sinφ cosφ

 , (18)
where the mixing angle φ = 39.3◦ ± 1.0◦.
The assumption that the distribution amplitudes of ηn and ηs is the same as the distribution
amplitudes of π is adopted, except different decay constants and chiral parameters. The decay
constant of ηn and ηs is taken from ref.[12]:
fn = (1.07 ± 0.02)fπ = (139.1 ± 2.6) MeV, fs = (1.34 ± 0.06)fπ = (174.2 ± 7.8) MeV. (19)
And the chiral parameters are given by
mn¯n0 =
1
2mn
[m2η cos
2 φ+m2η′ sin
2 φ−
√
2fs
fn
(m2η′ −m2η) cos φ sinφ], (20)
ms¯s0 =
1
2ms
[m2η′ cos
2 φ+m2η sin
2 φ− fn√
2fs
(m2η′ −m2η) cosφ sinφ]. (21)
6TABLE I: The decay constants of vector mesons (in MeV)
fρ fK∗ fω fφ f
T
ρ f
T
K∗ f
T
ω f
T
φ
209± 2 217± 5 195± 3 231± 4 165± 9 185± 10 151± 9 186± 9
C. Wave functions of light vector mesons
The decay constants for the vector mesons are defined by:
〈0|q¯1γµq2|V (p, ǫ)〉 = fVmV ǫµ, 〈0|q¯1σµνq2|V (p, ǫ)〉 = ifTV (ǫµpν − ǫνpµ). (22)
The longitudinal decay constant of vector mesons can be extracted experimentally [13]. And the
transverse ones can be calculated by the QCD sum rule [14]. We list all of them in Table I.
The distribution amplitudes up to twist-3 of vector mesons are
〈V (P, ǫ∗L)|q¯2β(z)q1α(0)|0〉 =
1√
2NC
∫ 1
0
dxeixP ·z
[
MV 6 ǫ∗LφV (x)+ 6 ǫ∗L 6 PφtV (x2) +MV φsV (x)
]
αβ
,
〈V (P, ǫ∗T )|q¯2β(z)q1α(0)|0〉 =
1√
2NC
∫ 1
0
dxeixP ·z
[
MV 6 ǫ∗TφvV (x)+ 6 ǫ∗T 6 PφTV (x)
+MV iǫµνρσγ5γ
µǫ∗νT n
ρvσφaV (x)]αβ , (23)
where x is the momentum fraction of the q2 quark. And convention ǫ
0123 = 1 is adopted for the
Levi-Civita tensor. The twist-2 distribution amplitudes of vector mesons are expanded as:
φV (x) =
3fV√
2NC
x(1− x)
[
1 + a
‖
1C
3
2
1 (t) + a
‖
2C
3
2
2 (t)
]
,
φTV (x) =
3fV√
2NC
x(1− x)
[
1 + a⊥1 C
3
2
1 (t) + a
⊥
2 C
3
2
2 (t)
]
. (24)
We take the following values for the Gegenbauer moments [25]:
a
‖
2ρ = a
‖
2ω = 0.15 ± 0.07 , a‖1K∗ = 0.03 ± 0.02 , a‖2K∗ = 0.11 ± 0.09 , a‖2φ = 0.18 ± 0.08 ,
a⊥2ρ = a
⊥
2ω = 0.14 ± 0.06 , a⊥1K∗ = 0.04 ± 0.03 , a⊥2K∗ = 0.10± 0.08 , a⊥2φ = 0.14 ± 0.07 . (25)
For the other distribution amplitudes, we use the asymptotic form:
φtV (x) =
3fT
V
2
√
6
t2 , φsV (x) =
3fTV
2
√
6
(−t) ,
φvV (x) =
3fV
3
√
6
(1 + t2) , φaV (x) =
3fV
4
√
6
(−t) . (26)
7D. Wave function of D(∗) meson
The two-particle light-cone distribution amplitudes of D(∗) meson, up to twist-3 accuracy, are
defined by [7]:∫
d4w
(2π)4
eik·w〈0|c¯β(0)dγ(w)|D−(P )〉 = − i√
2NC
[(6 P +MD)γ5]γβφD(x),∫
d4w
(2π)4
eik·w〈0|c¯β(0)dγ(w)|D∗−(P )〉 = − i√
2NC
[(6 P +MD∗) 6 ǫLφLD∗(x) + (6 P +MD∗) 6 ǫTφTD∗(x)]γβ
(27)
with
∫ 1
0
dxφD(x) =
fD
2
√
2Nc
,
∫ 1
0
dxφLD∗(x) =
fD∗
2
√
2Nc
,
∫ 1
0
dxφTD∗(x) =
fTD∗
2
√
2Nc
, (28)
as the normalization conditions. In the heavy quark limit we have
fTD∗ − fD∗
mc +md
MD∗
∼ fD∗ − fTD∗
mc +md
MD∗
∼ O(Λ¯/MD∗). (29)
Thus we use fTD∗ = fD∗ in the calculation. There are several candidate distribution amplitude
models for D meson. We collect as below:
φ
(Gen)
D (x, b) =
1
2
√
2Nc
fD6x(1− x)[1 + CD(1− 2x)],
φ
(MGen)
D (x, b) =
1
2
√
2Nc
fD6x(1− x)[1 + CD(1− 2x)] exp[−ω
2b2
2
],
φ
(KLS)
D (x, b) =
1
2
√
2Nc
fDND
√
x(1− x) exp[−1
2
(
xMD
ω
)2 − ω
2b2
2
],
φ
(GN)
D (x, b) =
1
2
√
2Nc
fDNDx exp[−xMD
ω
]
1
1 + b2ω2
,
φ
(KKQT )
D (x, b) =
1
2
√
2Nc
fDNDxθ(x)θ(
2ΛD
MD
− x)J0(b
√
x(
2ΛD
MD
− x)),
φ
(Huang)
D (x, b) =
1
2
√
2Nc
fDNDx(1− x) exp[−ΛD (1− x)m
2
d + xm
2
c
x(1− x) ]. (30)
In the above models x is the momentum fraction of the light quark in D meson. The first DA
model φ
(Gen)
D was proposed in [7], which is the Gegenbauer polynomial-like form. In order to make
it k⊥ dependent, an exponential term is added to get φ
(MGen)
D . The third candidate DA model
φ
(KLS)
D was proposed in [15], which is a Gaussian type model. The fourth one [16], which is an
exponential model, and the fifth model [17], which is obtained by solving the equations of motion
without three-parton contributions, were first proposed for B meson. Here we use heavy quark
symmetry and modify the parameters to make them D meson DAs. The sixth DA was proposed in
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FIG. 2: color suppressed diagrams in pQCD approach for B → DP decays
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FIG. 3: annihilation type diagrams in pQCD approach for B → DP decays
[18], which is derived from the BHL prescription [19], with md = 0.35 GeV, mc = 1.3 GeV. In the
above candidate DAs, only the second model has two parameters, and only φ
(Gen)
D and φ
(Huang)
D
are b independent. In the next section we will try to fit out the best D meson wave function
parameters with the experimental results. As for D∗ meson, we just assume that φLD = φ
T
D = φD
according to heavy quark symmetry.
III. CALCULATION OF DECAY AMPLITUDES IN PQCD APPROACH
A. Amplitudes for B(s) → D(s)P decays
There are three types of diagrams that may contribute to the B → D(∗)M decays: color
allowed diagrams (we mark this kind of contribution with the subscript ext) shown in Fig. 1,
color suppressed diagrams (marked with int) shown in Fig. 2, and the annihilation type diagrams
(marked with exc) shown in Fig. 3. And each type of diagrams contains two categories: the one
with one meson can be factorized out (denoted as ξ) and the one with no meson can be factorized
out (denoted as M).
The first two diagrams in Fig. 1, 2 and 3 involve only two meson wave functions, whose results
9are as following:
ξext = 8πCF fP
∫ 1
0
dx1dx2
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x2)
×
[
Ee(t
(1)
e )h(x1, x2, b1, b2)St(x2)(1 + x2 + r) + rEe(t
(2)
e )h(x2, x1, b2, b1)St(x1)
]
, (31)
ξint = 8πCF fD
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φB(x1, b1)
×{[(2 − x3)φP (x3)− r0(1− 2x3)(φpP (x3)− φTP (x3))]
×Ei(t(1)i )h(x1, (1 − x3)(1− r2), b1, b3)St(x3)
+2r0φ
p
P (x3)Ei(t
(2)
i )h(1 − x3, x1(1− r2), b3, b1)St(x1)} , (32)
ξexc = 8πCF fB
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φD(x2)
×
[
−x3φP (x3)Ea(t(1)a )ha(x2, x3(1− r2), b2, b3)St(x3)
+x2φP (x3)Ea(t
(2)
a )ha(x3, x2(1− r2), b3, b2)St(x2)
]
, (33)
with the mass ratio r0 ≡ m0/mB . fP , fB and fD are the decay constants of the light pseudoscalar
meson, B meson and D meson respectively. And the factor evolving with the scale t are given by:
Ee(t) = αs(t)a1(t) exp[−SB(t)− SD(t)] ,
Ei(t) = αs(t)a2(t) exp[−SB(t)− SP (t)] ,
Ea(t) = αs(t)a2(t) exp[−SD(t)− SP (t)] . (34)
We adopt the expression of Sudakov factor for D meson as suggested in ref. [7], which is listed in
appendix together with the expressions for SB(t), SP (t).
The functions h’s in the hard part of factorization formulae, derived from the factorizable
diagrams, are given by
h(x1, x2, b1, b2) = K0 (
√
x1x2mBb1)
× [θ(b1 − b2)K0 (√x2mBb1) I0 (√x2mBb2)
+θ(b2 − b1)K0 (√x2mBb2) I0 (√x2mBb1)] , (35)
ha(x2, x3, b2, b3) =
(
i
π
2
)2
H
(1)
0 (
√
x2x3mBb2)
×
[
θ(b2 − b3)H(1)0 (
√
x3mBb2)J0 (
√
x3mBb3)
+θ(b3 − b2)H(1)0 (
√
x3mBb3) J0 (
√
x3mBb2)
]
, (36)
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where H(1)(z) = J0(z) + iY0(z). The hard scales t are determined by
t(1)e = max(
√
x2mB, 1/b1, 1/b2) , t
(2)
e = max(
√
x1mB , 1/b1, 1/b2) ,
t
(1)
i = max(
√
(1− x3)(1− r2)mB , 1/b1, 1/b3) , t(2)i = max(
√
x1(1− r2)mB, 1/b1, 1/b3) ,
t(1)a = max(
√
x3(1− r2)mB, 1/b2, 1/b3) , t(2)a = max(
√
x2(1− r2)mB , 1/b2, 1/b3) . (37)
The formulae for the last two diagrams in Fig. 1, Fig. 2 and Fig. 3 contain the kinematics
variables of the three mesons. Their expressions are:
Mext = 16π
√
2NcCF
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b3db3φB(x1, b1)φD(x2)φP (x3)
×
[
x3Eb(t
(1)
b )h
(1)
b (xi, bi)− (1− x3 + x2)Eb(t
(2)
b )h
(2)
b (xi, bi)
]
, (38)
Mint = 16π
√
2NcCF
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x2)
×
[(
(x3 − 1− x2)φP (x3) + r0(1− x3)(φpp(x3)− φTP (x3))
)
Ed(t
(1)
d )h
(1)
d (xi, bi)
+
[
(1− x2)φP (x3) + r0(x3 − 1)(φpP (x3) + φTP (x3))
]
Ed(t
(2)
d )h
(2)
d (xi, bi)
]
, (39)
Mexc = 16π
√
2NcCF
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φD(x2)
×
[
x3φP (x3)Ef (t
(1)
f )h
(1)
f (xi, bi)− x2φP (x3)Ef (t(2)f )h(2)f (xi, bi)
]
, (40)
with [dx] ≡ dx1dx2dx3. The expressions for the evolution factors are
Eb(t) = αs(t)
C1(t)
NC
exp[−S(t)|b2=b1 ] ,
Ed(t) = αs(t)
C2(t)
NC
exp[−S(t)|b3=b1 ] ,
Ef (t) = αs(t)
C2(t)
NC
exp[−S(t)|b3=b2 ] , (41)
with the Sudakov exponent S = SB + SD + SP .
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The functions h(j), j = 1 and 2, in these amplitudes are
h
(j)
b = [θ(b1 − b3)K0 (BmBb1) I0 (BmBb3) + θ(b3 − b1)K0 (BmBb3) I0 (BmBb1)]
×


K0(BjmBb3) for B
2
j ≥ 0
iπ
2 H
(1)
0 (
√
|B2j |mBb3) for B2j ≤ 0

 , (42)
h
(j)
d = [θ(b1 − b2)K0 (DmBb1) I0 (DmBb2) + θ(b2 − b1)K0 (DmBb2) I0 (DmBb1)]
×


K0(DjmBb2) for D
2
j ≥ 0
iπ
2 H
(1)
0 (
√
|D2j |mBb2) for D2j ≤ 0

 , (43)
h
(j)
f = i
π
2
[
θ(b1 − b2)H(1)0 (FmBb1)J0 (FmBb2) + θ(b2 − b1)H(1)0 (FmBb2)J0 (FmBb1)
]
×


K0(FjmBb1) for F
2
j ≥ 0
iπ
2 H
(1)
0 (
√
|F 2j |mBb1) for F 2j ≤ 0

 , (44)
with the variables
B2 = x1x2 ,
B21 = x1x2 − x2x3(1− r2) ,
B22 = x1x2 − x2(1− x3)(1− r2) ,
D2 = x1(1− x3)(1− r2) ,
D21 = (x1 − x2)(1− x3)(1 − r2) ,
D22 = (x1 + x2)r
2 − (1− x1 − x2)(1− x3)(1 − r2) ,
F 2 = x2x3(1− r2) ,
F 21 = x2(x1 − x3(1− r2)) ,
F 22 = 1− (1− x2)(1 − x1 − x3(1− r2)) . (45)
The scales t(j) are given by
t
(j)
b = max(BmB,
√
|B2j |mB, 1/b1, 1/b3) ,
t
(j)
d = max(DmB,
√
|D2j |mB , 1/b1, 1/b2) ,
t
(j)
f = max(FmB ,
√
|F 2j |mB, 1/b1, 1/b2) . (46)
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The decay amplitudes of each B(s) → D(s)P channels are then
A
(
B− → D0π−) = GF√
2
VcbV
∗
ud (ξext +Mext + ξint +Mint) , (47)
A
(
B− → D0K−) = GF√
2
VcbV
∗
us (ξext +Mext + ξint +Mint) , (48)
A
(
B¯0 → D+π−) = GF√
2
VcbV
∗
ud (ξext +Mext + ξexc +Mexc) , (49)
A
(
B¯0 → D+K−) = GF√
2
VcbV
∗
us (ξext +Mext) , (50)
A
(
B¯0 → D+s K−
)
=
GF√
2
VcbV
∗
ud (ξexc +Mexc) , (51)
A
(
B¯0 → D0π0) = GF√
2
VcbV
∗
ud
1√
2
(−(ξint +Mint) + (ξexc +Mexc)) , (52)
A
(
B¯0 → D0K¯0) = GF√
2
VcbV
∗
us (ξint +Mint) , (53)
A
(
B¯0 → D0ηn
)
=
GF√
2
VcbV
∗
ud
1√
2
(ξint +Mint + ξexc +Mexc) , (54)
A
(
B¯0s → D+π−
)
=
GF√
2
VcbV
∗
us (ξexc +Mexc) , (55)
A
(
B¯0s → D+s π−
)
=
GF√
2
VcbV
∗
ud (ξext +Mext) , (56)
A
(
B¯0s → D+s K−
)
=
GF√
2
VcbV
∗
us (ξext +Mext + ξexc +Mexc) , (57)
A
(
B¯0s → D0π0
)
=
GF√
2
VcbV
∗
us
1√
2
(ξexc +Mexc) , (58)
A
(
B¯0s → D0K¯0
)
=
GF√
2
VcbV
∗
ud (ξint +Mint) , (59)
A
(
B¯0s → D0ηn
)
=
GF√
2
VcbV
∗
us
1√
2
(ξexc +Mexc) , (60)
A
(
B¯0s → D0ηs
)
=
GF√
2
VcbV
∗
us (ξint +Mint) . (61)
It should be noticed that, in (54), (60) and (61), the decay amplitudes are for the mixing basis of
η and η′. For the physical state η and η′, the decay amplitudes are
A
(
B¯0 → D0η) = A (B¯0 → D0ηn) cosφ , (62)
A
(
B¯0 → D0η′) = A (B¯0 → D0ηn) sinφ , (63)
A
(
B¯0s → D0η
)
= A
(
B¯0s → D0ηn
)
cosφ−A (B¯0s → D0ηs) sinφ , (64)
A
(
B¯0s → D0η′
)
= A
(
B¯0s → D0ηn
)
sinφ+A
(
B¯0s → D0ηs
)
cosφ . (65)
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B. Amplitudes for B(s) → D(s)V and B(s) → D∗(s)P decays
For the channels of B(s) → D(s)V and D∗(s)P , no transverse polarization of the vector mesons
will contribute. In the leading powder contribution, the formulae of B → DV and B → D∗P are
the same as that of B(s) → D(s)P decays, except some substitutions.
For B(s) → D(s)V , the following substitutions should be done for the formula ξi and Mi:
φP → φV , φpP → −φsV , φtP → −φtV , m0 → mV , fP → fV . (66)
φV , φ
s
V and φ
t
V are the light cone distribution amplitudes of vector mesons, which we defined
before. And mV , fV are the mass and the decay constant of the vector meson related.
For B(s) → D∗(s)P , the substitutions in the formula ξi and Mi should be done as:
mD → mD∗ , fD → fD∗ , φD(x2)→ φD∗(x2) . (67)
Making the following substitutions in equations (47)-(65), we can get the final decay amplitude
for each B → D∗P decays:
D+ → D∗+ , D0 → D∗0 , D+s → D∗+s . (68)
And the formulae for B → DV can be obtained through the substitutions
π → ρ , K → K∗ , ηn → ω , ηs → φ (69)
in equations (47)-(61).
C. Amplitudes for B(s) → D∗(s)V decays
For B → D∗(s)V decays, both longitudinal and transverse polarization can contribute. For
the longitudinal polarization, the amplitudes can be obtained by carrying out the substitutions
referred in (66) and (67), when only the leading power contribution is taken into consideration. The
transverse polarized contribution is suppressed by r or rV , rV ≡ mV /mB . Although the transverse
polarization will not give the leading power contribution, we still list the analytic formulae for
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transverse polarization ξText, ξ
T
int and ξ
T
exc
ξText = 8πCFm
4
BfV
∫ 1
0
dx1dx2
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
T
D(x2)
×rV
[
Ee(t
(1)
e )h(x1, x2, b1, b2)St(x2)
(
−ǫnn¯ǫ∗TD ǫ∗TV − iǫ∗TD · ǫ∗TV (1 + 2r)
)
+Ee(t
(2)
e )h(x2, x1, b2, b1)St(x1)r(r + 1)
(
−ǫnn¯ǫ∗TD ǫ∗TV − iǫ∗TD · ǫ∗TV
) ]
, (70)
ξTint = 8πCFm
4
BfD∗
∫ 1
0
dx1dx3
∫ 1/Λ
0
b1db1b3db3φB(x1, b1)
×r
{[
ǫnn¯ǫ
∗T
D
ǫ∗T
V
(−φtV (x3)− rV ((x3 − 3)φaV (x3) + (x3 − 1)φvV (x3)))
−iǫ∗TD · ǫ∗TV
(
φtV (x3)− rV ((x3 − 1)φaV (x3)− (x3 − 3)φvV (x3)))
)]
×Ei(t(1)i )h(x1, x3(1− r2), b1, b3)St(x3)
+rV
[
ǫnn¯ǫ
∗T
D
ǫ∗T
V (φaV (x3)− φvV (x3)) + iǫ∗TD · ǫ∗TV (φaV (x3)− φvV (x3))
]
×Ei(t(2)i )h(x3, x1(1− r2), b3, b1)St(x1)
}
, (71)
ξTexc = 8πCFm
4
BfB
∫ 1
0
dx2dx3
∫ 1/Λ
0
b2db2b3db3φ
T
D(x2)
×
[
Ea(t
(1)
a )ha(x2, x3(1− r2), b2, b3)St(x3)
×(ǫnn¯ǫ∗TD ǫ∗TV [r2φtV (x3)− rrV (x3 + 1)φaV (x3) + rrV (1− x3)φvV (x3)]
+iǫ∗TD · ǫ∗TV [−r2φtV (x3) + rrV (x3 − 1)φaV (x3) + rrV (x3 + 1)φvV (x3)]
)
+ Ea(t
(2)
a )ha(x3, x2(1− r2), b3, b2)St(x2)rrV
×
(
ǫnn¯ǫ
∗T
D
ǫ∗T
V ((1 + x2)φ
a
V (x3) + (1− x2)φvV (x3))
−iǫ∗TD · ǫ∗TV ((1− x2)φaV (x3) + (1 + x2)φvV (x3))
)]
. (72)
The evolution factors in the amplitudes are the same as those in (35) and (36) after substitut-
ing SV (t) for SP (t). For the nonfactorizable amplitudes, the factorization formulas involve the
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kinematic variables of all the three mesons. Their expressions are
MText = 16π
√
2NcCFm
4
B
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b3db3φB(x1, b1)φ
T
D(x2)
×rV
[
Eb(t
(1)
b )h
(1)
b (xi, bi)
×
(
ǫnn¯ǫ
∗T
D
ǫ∗T
V x3(φ
a
V (x3)− φvV (x3)) + iǫ∗TD · ǫ∗TV x3(φaV (x3)− φvV (x3))
)
+Eb(t
(2)
b )h
(2)
b (xi, bi)
×
{
ǫnn¯ǫ
∗T
D
ǫ∗T
V ((1 − x3)(1− 2r)φaV (x3) + (x3 − 1)φvV (x3))
−iǫ∗TD · ǫ∗TV ((x3 − 1)φaV (x3) + (1− 2r)(1 − x3)φvV (x3))
} ]
, (73)
MTint = 16π
√
2NcCFm
4
B
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
T
D(x2)
×r
[
Ed(t
(2)
d )h
(2)
d (xi, bi)
×
(
ǫnn¯ǫ
∗T
D
ǫ∗T
V ((x2 − 1)φtV (x3) + rV (φaV (x3) + φvV (x3)))
−iǫ∗TD · ǫ∗TV ((1− x2)φtV (x3) + rV (φaV (x3) + φvV (x3)))
)
+Ed(t
(1)
d )h
(1)
d (xi, bi)
×
(
ǫnn¯ǫ
∗T
D
ǫ∗T
V (2rV (x3 − 1)φaV (x3)− x2φtV (x3))
−iǫ∗TD · ǫ∗TV (x2φtV (x3) + 2rV (x3 − 1)φvV (x3))
)]
, (74)
MTexc = 16π
√
2NcCFm
4
B
∫ 1
0
[dx]
∫ 1/Λ
0
b1db1b2db2φB(x1, b1)φ
T
D(x2)
×
{
Ef (t
(1)
f )h
(1)
f (xi, bi)φ
t
V (x3)
×
(
ǫnn¯ǫ
∗T
D
ǫ∗T
V (x2r
2 − r2V x3)− iǫ∗TD · ǫ∗TV (x2r2 + r2V x3)
)
+Ef (t
(2)
f )h
(2)
f (xi, bi)
×
[
ǫnn¯ǫ
∗T
D
ǫ∗T
V (−2rrV φaV (x3)− r2(x2 − 1)φtV (x3) + r2V (x3 − 1)φtV (x3))
+iǫ∗TD · ǫ∗TV (((x2 − 1)r2 + r2V (x2 − 1))φtV (x3) + 2rrV φvV (x3))
]}
. (75)
The h′s and h(j) functions in the amplitudes here are the same as defined in (35,36,42-44).
If carrying out the substitutions in (68) and (69) together, we can get the final decay amplitude
of each polarization for B → D∗V decays.
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TABLE II: The smallest χ2 for each kind of the D meson DAs
Φ(Gen) Φ(MGen) Φ(KLS) Φ(GN) Φ(KKQT ) Φ(Huang)
χ2min 34.1 33.6 156.9 112.3 45.0 41.9
IV. NUMERICAL CALCULATIONS AND DISCUSSIONS
In this section the numerical results of our calculation will be given. The parameters of D
(∗)
(s)
meson we use are
mD− = 1.869GeV, mD−s = 1.968GeV,
mD∗− = 2.010GeV, mD∗−s = 2.112GeV,
fD− = 223MeV, fD−s = 274MeV. (76)
A lot of study has been made on the decay constants of D(s) mesons. Here we take the values from
ref. [20]. Since there are no experimental results of the decay constants of D∗(s) mesons, we use the
relations between fD and fD∗ derived from HQET:
fD∗− =
√
mD−
mD∗−
fD−, fD∗−s =
√
mD−s
mD∗s−
fD−s , (77)
which is different from ref.[21].
With the D meson wave functions we get, we can calculate the amplitudes easily. And the
decay width can be got by
Γ =
1
32π
G2F |Vcb|2|Vud|2m7B(1− r2)|A|2 , (78)
with A the decay amplitude defined in eqs.(47-61) The branch ratio is
Br = Γh¯/τB(s) , (79)
with τB(s) as the life time of B(s) meson. We take τB− = 1.674 × 10−12s, τB¯0 = 1.542 × 10−12s,
τB¯0s = 1.466 × 10−12s, and GF = 1.16639 × 10−5.
A. results of fitting
Since the B → DP decay channels have been measured in high precision, we use these ex-
perimental results to fit out the parameters of the candidate D meson DAs. Here we don’t use
17
0 0.2 0.4 0.6 0.8 1
x
0
0.05
0.1
0.15
0.2
0.25
Φ
M
g
e
n
FIG. 4: The D meson distribution amplitude φMGenD (0.8, 0) ( the blue, solid line) and Ds meson distribution
amplitude φMGenDs (0.5, 0) (the red, dotted line)
the experimental results containing η or η′ in the final states because there are uncertainties from
the mixing. The six decay channels we used to fit out the D meson wave function parameters
are B− → D0π−, B− → D0K−,B¯0 → D+π−, B¯0 → D+K−, B¯0 → D0π0, B¯0 → D0K¯0. The
experimental results of these channels are listed in table III, which are from ref.[22]. The formula
we used for fitting is
χ2 =
∑
i
(Brexi −Brthi )2
σ2i
. (80)
The i means the summation over the six decay channels. Brexi (Br
th
i ) is the experimental (theoret-
ical) value of branch ratio, and σi is the uncertainty of the experimental value. In table II we list
the smallest χ2 we get for all the D meson DAs. Easy to see, except Φ(KLS) and Φ(GN), all the
other DAs have a small χ2min. The Φ
(MGen) is the best one, with its parameters fixed as CD = 0.8,
ω = 0.1. We will use this D meson wave function for the following numerical calculations of all the
decay channels. For the Ds meson, we use CD = 0.5, ω = 0.2, with a little SU(3) breaking effect.
In this case, we can see from Fig. 4 that the s¯ quark in Ds meson has a little larger momentum
fraction than the d¯ quark in the D meson, which characterize the little larger mass of s quark.
Because the mass difference between the vector meson D∗(s) and pseudoscalar meson D(s) is
small, so we adopt the same DA for them.
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TABLE III: Branching ratios of B(s) → DP decays calculated in pQCD approach with experimental data
(in units of 10−4)
Experimental results Our results
B− → D0π− 47.5± 1.9 51.1+29.5+4.3+1.5
−20.7−7.5−1.5
B− → D0K− 3.83± 0.45 4.00+2.35+0.63+0.12
−1.64−0.93−0.12
B¯0 → D+π− 26.5± 1.5 26.9+17.8+5.5+0.8
−11.7−7.3−0.8
B¯0 → D+K− 2.04± 0.57 2.43+1.56+0.63+0.07
−1.01−0.71−0.07
B¯0 → D0π0 2.61± 0.25 1.98+0.67+0.51+0.06
−0.66−0.63−0.06
B¯0 → D0K¯0 0.523± 0.066 0.22+0.08+0.06+0.01
−0.07−0.06−0.01
B¯0 → D0η 2.02± 0.21 2.46+0.97+0.30+0.07
−0.77−0.30−0.07
B¯0 → D0η′ 1.26± 0.21 1.65+0.65+0.20+0.05
−0.52−0.20−0.05
B¯0 → D+s K− 0.269± 0.054 0.48+0.16+0.11+0.01−0.12−0.11−0.01
B¯s
0 → D+π− 2.32+0.82+0.32+0.07
−0.61−0.39−0.07 × 10−2
B¯s
0 → D0π0 1.15+0.36+0.19+0.04
−0.29−0.20−0.04 × 10−2
B¯s
0 → D0K¯0 3.96+1.49+0.88+0.11
−1.25−0.99−0.12
B¯s
0 → D0η 0.14+0.05+0.03+0.00
−0.05−0.03−0.00
B¯s
0 → D0η′ 0.32+0.11+0.03+0.01
−0.10−0.04−0.01
B¯s
0 → D+s π− 38± 3± 13 21.3+11.4+6.9+0.6−8.1−6.8−0.6
B¯s
0 → D+s K− 1.71+0.92+0.58+0.05−0.65−0.55−0.05
B. Results for all the related channels and discussions
Our numerical results are listed in table III, table IV, table V and table VI. The first error in
these entries are caused by the hadronic parameters inB(s) meson wave function (the decay constant
and the shape parameter). We take fB = 0.19 ± 0.025, ωb = 0.40 ± 0.05 and fBs = 0.24 ± 0.03,
ωBsb = 0.50 ± 0.05. The second error arise from the higher order perturbative QCD corrections:
the choice of the hard scales, defined in (37) and (46), which vary from 0.75t to 1.25t, and the
uncertainty of Λ
(4)
QCD = 0.25 ± 0.05. The third error is from the uncertainties of the CKM matrix
elements. In our calculation, we use
Vcb =
(
41.61+0.62−0.63
)× 10−3 , Vud = 0.97385+0.00024−0.00023 , Vus = 0.22715+0.00101−0.00100 . (81)
Among them, the hadronic inputs always gives rise to the largest uncertainty, and the CKM matrix
elements contribute little.
The first six channels in table III are input values of the χ2 fit program. Although we get a
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TABLE IV: Branching ratios of B(s) → DV decays calculated in pQCD approach with experimental data
(in units of 10−4)
Experimental results Our results
B− → D0ρ− 134± 18 113+68.1+18.8+3.3
−45.9−26.1−3.3
B− → D0K∗− 5.29± 0.45 6.49+3.86+0.12+0.20
−2.68−1.58−0.20
B¯0 → D+ρ− 75± 12 69.6+45.0+13.1+2.0
−29.7−17.8−2.0
B¯0 → D+K∗− 4.60± 0.78 4.07+2.61+0.94+0.12
−1.69−1.11−0.12
B¯0 → D0ρ0 2.91± 0.40 1.79+0.65+0.46+0.05
−0.62−0.59−0.05
B¯0 → D0ω 2.60± 0.29 4.25+1.58+0.85+0.12
−1.21−0.73−0.12
B¯0 → D0K¯∗0 0.423± 0.064 0.26+0.10+0.08+0.01
−0.08−0.07−0.01
B¯0 → D+s K∗− < 8 1.94+0.66+0.41+0.06−0.47−0.38−0.06
B¯s
0 → D+ρ− 0.11+0.03+0.02+0.00
−0.03−0.02−0.00
B¯s
0 → D0ρ0 (5.42+1.57+0.96+0.16
−1.39−1.11−0.16
)× 10−2
B¯s
0 → D0K¯∗0 4.52+1.70+1.15+0.13
−1.43−1.30−0.13
B¯s
0 → D0ω (4.71+1.35+0.88+0.14
−1.18−0.92−0.14
)× 10−2
B¯s
0 → D0φ 0.30+0.11+0.07+0.01
−0.10−0.08−0.01
B¯s
0 → D+s ρ− 51.0+26.9+16.6+1.48−19.2−16.2−1.48
B¯s
0 → D+s K∗− 3.02+1.62+0.88+0.10−1.16−0.91−0.10
reasonable χ2 in the fit, the branching ratio of B¯0 → D0K¯0 is about only half of the experimental
value. Comparing with the color suppressed diagrams, the annihilation diagrams contributes little
for B¯0 → D0K¯0 and B¯0 → D0π0. So we can take them for a compare. They have different CKM
elements (VcbV
∗
us for the former and VcbV
∗
ud for the latter). Taking the factor
1√
2
in flavor wave
function of π meson into account, the Br(B¯0 → D0K¯0) is roughly one tenth of Br(B¯0 → D0π0).
So this value of Br(B¯0 → D0K¯0) is theoretically reasonable. The similar argument is valid for
Br(B¯0 → D∗0K¯0).
Although we use only six B → DP channels to fix the D meson wave function, the results
of most other channels especially those B → DV and D∗P channels agree very well with the
current experimental measurements. Easy to find that, Br(B → Dω) is twice larger than Br(B →
Dρ), while their experimental results are near to each other. Both these two channels receive
contributions from the color suppressed diagrams and annihilation diagrams. They are at the
same order magnitude for these two processes. For color suppressed diagrams, the dd¯ of the flavor
part contributes. While the uu¯ part contributes to the annihilation diagrams. Amplitudes of these
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TABLE V: Branching ratios of B(s) → D∗P decays calculated in pQCD approach with experimental data
(in units of 10−4)
Experimental results Our results
B− → D∗0π− 52.8± 2.8 50.4+29.4+4.4+1.5
−20.4−7.3−1.5
B− → D∗0K− 3.6± 1.0 3.98+2.33+0.62+0.12
−1.62−0.92−0.12
B¯0 → D∗+π− 26.2± 1.3 26.0+17.3+5.34+0.75
−11.4−7.09−0.76
B¯0 → D∗+K− 2.04± 0.47 2.37+1.52+0.62+0.07
−0.99−0.69−0.07
B¯0 → D∗0π0 1.71± 0.28 2.11+0.76+0.52+0.06
−0.69−0.62−0.06
B¯0 → D∗0η 1.80± 0.31 2.60+1.01+0.29+0.08
−0.83−0.33−0.08
B¯0 → D∗0η′ 1.21± 0.40 1.74+0.68+0.19+0.05
−0.55−0.22−0.05
B¯0 → D∗0K¯0 0.36± 0.12 0.24+0.09+0.06+0.01
−0.07−0.06−0.01
B¯0 → D∗+s K− 0.200± 0.064 0.47+0.16+0.12+0.01−0.12−0.11−0.01
B¯s
0 → D∗+π− (2.27+0.81+0.31+0.01
−0.60−0.38−0.01
)× 10−2
B¯s
0 → D∗0π0 (1.13+0.35+0.18+0.03
−0.28−0.19−0.03
)× 10−2
B¯s
0 → D∗0K¯0 4.27+1.54+0.88+0.12
−1.35−1.05−0.12
B¯s
0 → D∗0η 0.15+0.06+0.03+0.00
−0.05−0.03−0.00
B¯s
0 → D∗0η′ 0.33+0.12+0.03+0.01
−0.10−0.03−0.01
B¯s
0 → D∗+s π− 24.2+11.2+7.8+0.7−7.2−7.7−0.7
B¯s
0 → D∗+s K− 1.65+0.90+0.56+0.05−0.63−0.53−0.05
two kinds of diagrams have the same sign in the B → Dω decay but different sign in the B → Dρ
decay due to isospin. Similar situation exists for Br(B → D∗ω) and Br(B → D∗ρ).
The B¯0 → D+s K− decay is a kind of pure annihilation type decays dominant by W exchange
diagram. Our result is larger than the experiments and also larger than the previous pQCD
calculations [23] due to the change of D meson wave functions. The annihilation type diagrams
are power suppressed in pQCD approach, which is more sensitive to the hadronic wave functions.
For the decays B → D∗(s)V in table VI, we also estimate the ratios of transverse polarized
contribution RT = |AT |2/(|AT |2+|AL|2). We should mention that, these results are just indicative,
because transverse polarizations are power suppressed by rV or r to make it more sensitive to
small parameters and higher order contributions than the longitudinal contribution. Although the
transverse polarization is suppressed in B → D∗V decays, in some channels, such as B → D∗0ρ0
and B → D∗0K¯∗0, etc, it has 40% contributions. The reason is that the dominant contribution in
these channels is from Mint in eq.(39), which is x3 suppressed, while the transverse contribution
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TABLE VI: Predicted branching ratios of B(s) → D∗V decays with experimental data (in units of 10−4)
together with the percentage of transverse polarizations RT
Experimental BRs BRs in pQCD RT
B− → D∗0ρ− 117+71.0+19.9+3.4
−48.0−27.0−3.4 0.04
B− → D∗0K∗− 8.3± 1.5 0.14 6.82+4.14+1.22+0.21
−2.80−1.65−0.21 0.06
B¯0 → D∗+ρ− 79.4+52.6+15.9+2.3
−34.5−21.2−2.3 0.15
B¯0 → D∗+K∗− 3.20± 0.67 4.88+3.18+1.16+0.15
−2.08−1.41−0.15 0.19
B¯0 → D∗0ρ0 3.73± 0.99 3.69+1.52+0.57+0.11
−1.23−0.63−0.11 0.47
B¯0 → D∗0ω 2.68± 0.50 5.83+2.14+0.84+0.17
−1.84−1.10−0.17 0.24
B¯0 → D∗0K¯∗0 < 0.69 0.51+0.20+0.08+0.02
−0.17−0.10−0.02 0.44
B¯0 → D∗+s K∗− 1.97+0.58+0.37+0.06−0.49−0.43−0.06 0.02
B¯s
0 → D∗+ρ− 0.11+0.03+0.02+0.00
−0.03−0.02−0.00 0.01
B¯s
0 → D∗0ρ0 (5.35+1.44+0.96+0.16
−1.39−1.05−0.16
)× 10−2 0.01
B¯s
0 → D∗0K¯∗0 8.43+3.30+1.68+0.24
−2.67−1.83−0.25 0.43
B¯s
0 → D∗0ω (4.60+1.50+0.89+0.14
−1.11−0.84−0.14
)× 10−2 0.01
B¯s
0 → D∗0φ 0.51+0.19+0.09+0.02
−0.17−0.11−0.02 0.37
B¯s
0 → D∗+s ρ− 56.9+30.4+19.1+1.65−21.6−18.3−1.66 0.13
B¯s
0 → D∗+s K∗− 3.47+1.96+1.07+0.11−1.35−1.06−0.11 0.17
in eq.(74) is only r suppressed. They are comparable numerically to make a large contribution for
transverse polarizations in these color suppressed channels. This mechanism is different from those
charmless B decays where the dominant transverse polarizations are from the space like penguin
(penguin annihilation) contributions [27]. Here the annihilation type contributions are mainly from
W exchange diagrams contributing little to transverse polarizations.
For those previous calculated channels in pQCD approach [7, 9], our results are slightly different
due to parameter changes. Most of the B0(B±) decay channels are measured by the two B factories,
which are consistent with our calculations. For the Bs decays, only one channel is measured. Our
predictions will soon be tested by the LHCb experiments.
For comparison with other methods, we also give the form factors at the maximal recoil
ξB→D+ = 0.52
+0.15+0.05
−0.12−0.07 , ξ
Bs→Ds
+ = 0.46
+0.11+0.07
−0.09−0.08. (82)
These are comparable with other methods [28].
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If applying the naive factorization approach, we can get
A(B¯0 → D+π−) = iGF√
2
VcbV
∗
ud(M
2
B −M2D)fπFB→D(M2π)a1(Dπ), (83)
√
2A(B¯0 → D0π0) = −iGF√
2
VcbV
∗
ud(M
2
B −M2π)fDFB→π(M2D)a2(Dπ). (84)
Substituting our results for A(B¯0 → D+π−) and A(B¯0 → D0π0) in eq.(83) and (84), we can
extract the BSW parameters a1 and a2 from our pQCD approach
|a2/a1| = 0.49 , Arg(a2/a1) = −37.6◦. (85)
If the annihilation diagrams’ contribution is excluded, the results are
|a2/a1| = 0.54 , Arg(a2/a1) = −59.0◦. (86)
Indeed, the large |a2/a1| implies that the color suppressed decays not very suppressed as previous
expected [3]. The relative strong phase between the two contributions is not small as naive ex-
pectations. These results are consistent with recent direct studies from experiments [24]. But the
difference is that our results come from direct dynamical calculation not from fit.
V. CONCLUSION
In this paper, we calculate the branch ratios of B(s) → D(s)P , D∗(s)P , D(s)V andD∗(s)V channels,
with the D meson wave function obtained through fitting. We also calculate the ratios of transverse
polarized contributions in B → D∗V decays. Most of the results agree well with the experiments.
It seems that there’s a disagreement with the experimental data in the relative size of branching
ratios for B → D(∗)ρ and B → D(∗)ω. Some channels of the B → D∗V decays may receive large
contribution from the transverse polarization. The results of B¯0s → D(s)P , D(s)V , D∗(s)P , D∗(s)V
decays will be tested in the future experiments.
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APPENDIX A: PQCD FUNCTIONS
Jet function appears in (31)-(33), (70)-(72) is
St(x) =
21+2c Γ(3/2 + c)√
π Γ(1 + c)
[x(1− x)]c (A1)
the value of c in the above equation is 0.5 in this paper. And the Sj(xi)(j = B,C,P or V ) functions
in Sudakov form factors in (34) and (41) are
SB(t) = s
(
x1
mB√
2
, b1
)
+ 2
∫ t
1/b1
dµ¯
µ¯
γq(αs(µ¯)), (A2)
SC(t) = s
(
x2
mB√
2
, b2
)
+ 2
∫ t
1/b2
dµ¯
µ¯
γq(αs(µ¯)), (A3)
SV (t) = SP (t) = s
(
x3
mB√
2
, b3
)
+ s
(
(1− x3)mB√
2
, b3
)
+ 2
∫ t
1/b3
dµ¯
µ¯
γq(αs(µ¯)), (A4)
with the quark anomalous dimension γq = −αs/π. The explicit form for the function s(Q, b) is:
s(Q, b) =
A(1)
2β1
qˆ ln
(
qˆ
bˆ
)
− A
(1)
2β1
(
qˆ − bˆ
)
+
A(2)
4β21
(
qˆ
bˆ
− 1
)
−
[
A(2)
4β21
− A
(1)
4β1
ln
(
e2γE−1
2
)]
ln
(
qˆ
bˆ
)
+
A(1)β2
4β31
qˆ
[
ln(2qˆ) + 1
qˆ
− ln(2bˆ) + 1
bˆ
]
+
A(1)β2
8β31
[
ln2(2qˆ)− ln2(2bˆ)
]
, (A5)
where the variables are defined by
qˆ ≡ ln[Q/(
√
2Λ)], bˆ ≡ ln[1/(bΛ)], (A6)
and the coefficients A(i) and βi are
β1 =
33− 2nf
12
, β2 =
153− 19nf
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,
A(1) =
4
3
, A(2) =
67
9
− π
2
3
− 10
27
nf +
8
3
β1ln(
1
2
eγE ), (A7)
nf is the number of the quark flavors and γE is the Euler constant. We will use the one-loop
running coupling constant, i.e. we pick up the four terms in the first line of the expression for the
function s(Q, b).
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